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1
METHOD AND DEVICE FOR OPTICALLY
TESTING HOLLOW BODIES

TECHNICAL FIELD

The present invention relates to a method and a device for
optically testing hollow bodies, in particular containers such
as bottles or canisters, but also technical objects such as
container closures and/or preforms for the production of
containers. In particular, this invention relates to a method
and a device for the optical testing of containers which are
suitable as packaging articles for holding liquids, pastes,
creams and/or piece goods, e.g. tablets, dragées, etc. A
hollow body to be tested is conveyed along a test section by
means of a transport device. The hollow bodies can thereby
vary in size, shape, color, transparency and/or material and
can be more or less printed and/or structured.

STATE OF THE ART

In the beverage industry, containers are increasingly being
used in the form of disposable plastic bottles, which are also
used in the chemical, pharmaceutical and cosmetics sectors
for hygienic, logistical and cost reasons. Corresponding
plastic containers are therefore needed and used in large
quantities.

In general, the production of appropriate containers
involves a two-stage method, whereby a preform is first
produced and then expanded to its full size in a blow-stretch
process, an extrusion blow molding process or another
suitable method.

In industrial manufacturing, non-destructive testing of the
preforms and/or containers is well known, whereby each
individual test specimen is subjected to a control, and, from
the control, also corrections of the manufacturing process of
the preforms or containers can be initiated. Accordingly, the
contour, the bottom and the mouth area of the containers are
inspected not only with regard to dimensions, but also for
slugs, i.e. material edges, contamination, material inclu-
sions, holes and thin parts, etc., in order to meet the high
quality requirements. The test specimens are in particular
plastic containers made of PET, PE, HD-PE and/or PP with
uniform and/or structured areas and transparent and/or
opaque, which are to be subjected to quality control in sorted
or unsorted form.

In known optical inspection methods, a transport device is
typically used to transport the specimens through a complex
inspection system comprising one or more appropriately
positioned cameras and adapted illumination means as well
as special image processing units. The cameras take static or
dynamic images of the containers to be inspected, which are
evaluated in the image processor using special inspection
algorithms to detect defects on the containers to be inspected
based on the delivered images and predefined quality stan-
dards. In addition to testing to the fullest extent, testing
speed also plays an extremely important role in providing an
effective method.

The hollow container bodies to be tested are three-
dimensional objects often with different shapes and surface
appearances, comprising an entire side wall surface as well
as a lower bottom and an upper neck or mouth area. For a
complete inspection of the container to be inspected, an
evaluation of all inspection zones based on images of all
imaging areas is required. For this purpose, it is known to
move the specimen relative to at least one camera, e.g. to
rotate it, or to use several cameras from different viewing
directions with an overlapping field of view. The inspection
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of all inspection zones on a container requires a correspond-
ingly large number of exposures and is correspondingly
time-consuming.

A method for optically testing hollow bodies must take
into account whether the hollow body to be tested is at least
partially light-transmissive, i.e. translucent or respectively
transparent, or impervious to light, i.e. opaque, so that in
general a sorting prior to the optical test is necessary. In
order to inspect opaque and transparent hollow bodies on
one system, several cameras arranged in series are further-
more required, making such a system correspondingly cost-
intensive and complex.

SUMMARY OF INVENTION

It is the object of the present invention to propose a new
method and a new device for optically testing hollow bodies
which method and device do not have the disadvantages of
the prior art. In particular, it is an object of the present
invention to propose a new method and a new device for
optically testing hollow bodies, allowing a fast, precise,
efficient and reliable, as well as flexible testing of the entire
hollow body. The characteristics of the hollow bodies to be
tested can thereby vary in many ways. In particular, the
method and the device should ensure flexibility in terms of
easy and fast switching between testing in incident light
and/or transmitted light.

These objects are achieved according to the invention
through the features of the independent claims. Further
advantageous embodiments follow moreover from the
dependent claims and the description.

In particular these objects of the invention are achieved
through a method for optically testing hollow bodies, in
which a hollow body is conveyed by means of a transport
device, in particular along a transport direction, at a trans-
port speed, whereby an image of a side wall surface of the
hollow body, as well as of a bottom region and mouth
region, is generated by means of an inspection unit com-
prising a camera unit and an illumination unit. It is envis-
aged that several inspection units are arranged so that an
inspection volume is able to be spanned in which an image
of the entire side wall surface of the hollow body is
generated in a transmitted light method, an incident light
method and/or a dark light <sic. dark field> method.

By means of the transport device, the hollow body is
conveyed, in particular moved past one or more inspection
units, so that there is a relative movement between the test
specimen and the respective inspection unit. In one embodi-
ment, the relative movement is also achieved when the
respective inspection unit moves or is moved relative to the
test specimen and/or the test specimen moves or is moved.

Optical testing of the hollow body can be performed after
production or after cleaning of a recyclable hollow body. It
is thereby envisaged that the method for optical testing is a
transmitted light method, dark field method and/or incident
light method.

The test specimens can be cylindrical and non-cylindrical
hollow bodies with an opening and an opposite bottom
surface, but also cans and/or tubes, especially made of
plastic, e.g. PET, PE, HD-PE or PP or a biodegradable
material. Such containers are designed to hold beverages
and/or food, hygiene articles, pastes, medicines, or chemi-
cal, biological and/or pharmaceutical products. Conse-
quently, parts, cavities, bottles, vessels or vessel accommo-
dations are also considered to be containers. Also within the
scope of the invention are container closures and preforms
for the manufacture of containers.
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In accordance with the invention, a plurality of inspection
units are provided for the generation of suitable image
information for the complete inspection of the hollow body
to be inspected, whereby an inspection unit in one embodi-
ment comprises at least one camera unit, an illumination unit
and according to one embodiment filter elements. The
camera unit can generally be any device or respectively
sensor for capturing an image, whereby the field of view of
the camera unit is directed parallel to a longitudinal axis of
the hollow body, which is at least temporarily located in the
inspection volume defined by the inspection unit or units.

The camera unit, which can also be referred to as an image
recording device, can be designed as a matrix camera with
CCD sensor, an APS or CMOS camera, an infrared camera
as an area scan camera. It is also conceivable that the camera
unit comprises a line of phototransistors or respectively
light-sensitive elements. Preferably, the camera unit is
designed as a line scan camera, which is particularly suitable
for imaging round bodies without perspective distortion. In
one embodiment, the line scan camera unit is oriented such
that the longitudinal axis of the line scan camera is parallel
to the longitudinal axis of the hollow body. The width of the
sensor or sensors of the line scan camera can be at least equal
to the length of the hollow body. Alternatively, a “full”
two-dimensional image can be obtained by moving the
camera unit or by zooming.

The camera unit is configured to detect light, preferably of
selected wavelength ranges, and to create line-wise or col-
umn-wise images. A line scan camera with multiple lines or
columns can be used to achieve a high frame rate. Due to a
defined observation area accessible to the line scan camera
in connection with the hollow body to be inspected, the
camera has a high spatial resolution. In the case of an object
moved past the multiple inspection units, the respective line
scan camera or a line scan camera system captures a
sequence of line-shaped or column-shaped images of the
hollow body in the inspection volume, which are dynami-
cally combined in an associated processing unit or processor
and synchronized with the movement of the object to be
inspected. Based on the image information obtained, an
analysis of the entire side wall surface of the hollow body
under inspection can be derived. The image information or
respectively the electronic image files can, for example, be
compared with stored reference files.

Besides a camera unit, an inspection unit comprises a
suitable illumination unit. Basically, a suitable illumination
unit is one that emits any light with any wavelength and/or
any spectral range. Accordingly, dynamic and/or static illu-
mination units are conceivable.

Preferably, the illumination unit only emits light in a
spectral range able to be predetermined or adjusted. For this
purpose, the illumination unit can comprise one or more
illuminants to emit light point-like or preferably extended in
one or two spatial directions. Especially preferred in con-
nection with the use of a line scan camera is an illumination
unit designed to illuminate a strip in the vertical direction,
i.e. suitable to generate a thin high-frequency light line of
high brightness, i.e. to emit light in the form of a light strip
matched to the line scan camera and corresponding to the
length of the hollow body parallel to the longitudinal axis of
the hollow body.

In order to enable the most variable optical testing of
hollow bodies, the use of filter elements and/or lens elements
in the single inspection unit is foreseen. Alternatively, the
camera unit and illumination unit can be matched to each
other according to the light spectra used, including the entire
visible range.
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In one embodiment, a filter element can be arranged in an
inspection unit, which is configured as a collimator, for
example, in order to align light beams emitted by the
illumination unit parallel to one another at least in one
spatial direction, whereby all light rays not running at a
predetermined angle are absorbed.

Preferably the filter element is a polarizing filter. Accord-
ingly, in one embodiment, a polarizing filter disposed in the
path of the outgoing light is arranged to be transmissive only
to radiation transmitted in the corresponding direction and to
eliminate gloss effects affecting the measurement value
acquisition. Preferably, the polarizing filter is located
between the hollow body to be inspected and the optical
sensor of the camera unit, so that the illumination unit can
emit unpolarized light to illuminate the hollow body. In
addition, a polarizing filter may be provided between the
illumination unit and the hollow body under inspection in
the path of the emitted light. Furthermore, by phase shifting
or polarization rotation in the light detected by the sensor of
the camera unit by means of the polarizing filter, this can be
matched to a defect to be detected. Through the filtering
effect of the polarizing filter, only a small portion of the
originally emitted light reaches the sensor or sensors of the
camera unit, so that it is intended that the illumination unit
emits a high amount of light in order to minimize noise. In
addition, the use of further filter elements and/or lenses is
also conceivable, for example color filters.

For the inspection of a hollow body, in one embodiment
of the present invention, the plurality of inspection units are
arranged in planes parallel to the transport device in such a
way that the optical axes of the respective inspection units
are directed at an angle to one another. The optical axes of
the inspection units can thereby cross at an angle between
75° and 105°, preferably at an angle of about 90°. Preferably,
in one embodiment, two inspection units are arranged par-
allel to each other and on opposite sides of the transport
device, thus providing a total of four inspection units span-
ning the inspection volume. Accordingly, the optical axes of
two inspection units on opposite sides of the transport device
lie on one line, or are slightly offset from each other, along
the transport direction. Preferably, the hollow body to be
inspected passes along the transport direction through the
intersection point of the optical axes of the—preferably
four—arranged inspection units, which largely coincides
with the inspection volume. But another number and
arrangement of inspection units is also conceivable, such as,
for example, three inspection units, which are disposed in
the form of a triangle. The positioning of the inspection units
is variable in height, i.e. with regard to the vertical distance
to the transport device, in order to be adaptable to different
heights of the hollow bodies to be inspected. Furthermore, it
can be provided that, for the inspection of a hollow body, the
body can be moved in the inspection volume relative to the
inspection units, for example that it is not only moved
translationally but can also be rotated by suitable means.

The optical inspection method can be applied to a part of
the hollow body, for example the neck region, a possible
threaded area, the side wall surface and/or the bottom region
of a container or preform.

The method according to the invention allows the optical
inspection to be carried out in accordance with the translu-
cency of the hollow body. Thus, a hollow body that is at least
partially translucent or transparent to one or more spectral
wavelengths can be tested using the transmitted light
method. In the latter case, by means of the included polar-
izing filter in combination with the illumination unit, light
with an adjustable spectral wavelength can be used. The
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several inspection units are activated one after the other with
high frequency by suitable control means, so that a camera
unit of an inspection unit detects the light emitted by the
illumination unit of an inspection unit located opposite along
the optical axis after passing the hollow body to be
inspected. For a comprehensive, e.g. inspection of the entire
side surface, i.e. an all-round side inspection, it is envisaged
that serial scanning or multiplexing is carried out by the
provided inspection units by means of suitable control of the
activation, so that an overall image of the hollow body to be
inspected can be generated from a large number of indi-
vidual images. By means of the method according to the
invention, a compact design of the device for optical inspec-
tion is possible, so that its integration relative to existing
components is possible. Furthermore, it avoids that illumi-
nation means exert a disturbing influence on the optical
testing, which would otherwise require the use of shielding
elements. In order to achieve integrated scanning, i.e.
inspection, it is necessary that the scanning, i.e. the record-
ing of a large number of individual images, takes place at a
speed many times higher than that at which the container to
be inspected moves along the transport direction.

If the hollow body is made of an opaque material, the
incident light method or reflection mode can be used. For
this purpose, the method according to the invention is set up
in such a way that the light emitted by an illumination unit
of an inspection unit is detected by the camera unit of the
same inspection unit or by a correspondingly suitably
arranged camera unit after reflection on the surface of the
hollow body to be inspected. The camera unit and illumi-
nation unit can thereby be positioned and configured relative
to each other in such a way that, for example, the line scan
camera is at an angle of reflection to the light line emitted by
the illumination unit, which, for example, can be focused by
means of suitable lens elements and/or reflectors.

In an optical inspection according to a dark field method,
the camera unit is positioned relative to the illumination unit
in such a way that the light deflected by defects can be
detected by the camera unit, so that defects appear brighter
in the camera image than the surroundings.

The optical inspection of a hollow body in all-round view
of the side wall surface, as well as of the bottom and the
mouth area, which can be carried out with the method
according to one embodiment of the invention, detects
defects, such as holes or pinholes, thin and/or thick wall
areas, cracks, scratches, streaks, bubbles and/or non-melted
areas, etc.

Thanks to the method according to one embodiment, it is
possible to obtain a distortion-free image of the hollow body
to be inspected with several inspection units. Comparable to
the human eye, an area scan camera records an image with
a perspective distortion in the direction of travel, which has
a negative effect when evaluated for the detection of defects.
In contrast, an image taken by a camera unit designed as a
line scan camera corresponds to the straight, horizontal view
without distortion. However, the captured images of a line
scan camera appear unnatural to the human eye, especially
distorted, and lack depth information. To counteract this and
to facilitate optical testing, especially of critical areas,
simulation of the missing depth information is foreseen by
means of software used by image processing, by means of
a so-called trapezoidal distortion. This type of processing is
limited by the fact that information about the geometry of
the hollow body to be tested is not known, or is only partially
known, in advance.

In an optical inspection of hollow bodies, which is largely
adapted to inspect hollow bodies of one type and/or one
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color, the method according to an advantageous embodiment
has the advantage that the constructive effort can be reduced
by a controlled multiplexing of the inspection units. Con-
sequently, an advantage of the multiplexing used in the
method according to an advantageous embodiment is that it
is not necessary to spatially separate camera units and/or
illumination units from each other and to provide corre-
sponding shielding devices when testing opaque objects in
the incident light method as well as transparent objects in the
transmitted light method. Camera unit and illumination unit
combined into one inspection unit achieves a compact
design.

With the method according to an advantageous embodi-
ment, several images of the hollow body to be inspected can
be generated, whereby the hollow body is moved along the
transport direction past the inspection units and whereby a
controlled temporal multiplexing is used to switch back and
forth between the individual inspection units, or between the
individual camera units and/or illumination units, in order to
enable a multiple measurement. The multiplex mechanism
formed by the camera units and illumination units of the
multiplicity of inspection units can be activated at high
speed, in particular at a frequency in the kHz range, by
means of suitable control. The image information obtained
by the method can provide information about general defects
of the hollow body, where the position, size and/or type of
the defect on the hollow body can be detected.

Optical testing of a hollow body, namely a container, can
be performed in the areas of neck, side wall surface and/or
bottom to detect any defects or deviations from predefined
dimensions, shapes or contours. In the neck area, the diam-
eter, ovality, but also the formation and dimensional accu-
racy of a thread in a threaded area for mechanical connection
to a closure cap must be checked in particular in order to be
able to sort out any incorrectly formed containers. In the
bottom area, stains and/or inclusions of foreign material and
flaws should be detectable. The contour to be inspected, but
also detected holes and/or thin spots on the side wall surface
as well as slugs, i.e. material edges which can form on
crushed edges during the production of the container, can
lead to the container being rejected.

For a complete optical inspection of a hollow body, the
method and the device according to the invention can be
extended individually, whereby inspection units of the same
type or of different types can be added as desired and
required. One of the parts of a container to be inspected is
e.g. the neck area, which is to be inspected in particular with
regard to inner diameter, ovality, cracks, inclusions, material
accumulations in the inner diameter and/or the width of the
sealing surface. For this purpose, a further inspection unit
can be arranged parallel to the longitudinal axis of the
container, in particular above the transport device, so that the
arrangement of camera unit and illumination unit is set up to
generate an image of the neck area for further evaluation.

Furthermore, for the inspection of a threaded area of a
container, further inspection units can be provided, which
allow an inspection of the inside and the outside of the
threaded area. In one embodiment of the invention, two or
more inspection units, or their camera units, are arranged in
such a way that the images generated thereby convey image
information of parameters to be inspected. These parameters
of a threaded area are, for example, a roll-on outside
diameter, an ovality, an overall height, a depth, a width
and/or a slope of surfaces. For thread and/or diameter
measurement, telecentric illumination and/or telecentric
optics are preferably used on the object side, which reduces
imaging errors and allows comparison of sizes of different
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ranges or areas. In other words, the image scale in the depth
of the image field does not change as a result of the
telecentricity used.

In addition to checking the side wall surface, a further
optical testing also involves checking the contour of the
hollow body to be inspected whereby this is to be checked
for any existing slugs and/or thin spots. Slugs, which are also
referred to as burrs or sprues, are formed during certain
manufacturing processes of hollow bodies, e.g. plastic con-
tainers, especially in areas of the bottle or container neck, at
the bottom and at the seam between the mold halves used for
the manufacture. The inspection of containers therefore
includes an inspection of the contour for slugs, often realized
by means of line scan cameras. Although it is intended that
the slugs are sheared off as soon as the mold halves are
opened, this is only partially successtul, so that reworking
and inspection are necessary. Protruding slugs are a criterion
for rejection, especially in containers with an integral
handle. The inspection can be integrated into the method
according to a preferred embodiment, whereby the quality
control is carried out by means of optical inspection, pref-
erably by means of backlighting, so that a sharp contrast
between slug and contour becomes visible For this purpose,
it is foreseen that the illumination unit and camera unit are
arranged on opposite sides of the container to be inspected.

An inspection of the bottom area can be foreseen,
whereby for this purpose the hollow body to be inspected
can be lifted off or picked up from the transport device by
correspondingly designed means, e.g. by means of gripping
elements, so that an inspection of the bottom surface for
foreign material, flaws or thin spots and deformations can be
detected by an arranged inspection unit.

A method according to one embodiment of the invention
can further be supplemented by performing a quality control
of the hollow body to be tested by means of an infrared
inspection unit. An infrared inspection unit comprises an
IR-capable image recording unit, for example a microbo-
lometer for medium and long wavelength infrared radiation
or an IR camera with low exposure time and high wave-
length specificity. By using infrared light, properties of a
material can be made visible that are different from those
detectable in visible light. For example, different plastics
show very specific absorption and emission properties as
well as reflection patterns when exposed to infrared radia-
tion. For optically testing hollow bodies, but also for check-
ing a preceding manufacturing process and an associated
cooling process, an IR inspection unit can be used to provide
information about, in particular, hidden inhomogeneity in
the material of the hollow body and to draw conclusions
about the manufacturing process and the tooling used for it.

Furthermore, also foreseen can be the heating of the test
piece by irradiation to detect the more or less targeted heat
input and its distribution in the material by means of
thermography and to evaluate the generated image data.

It should be mentioned here that besides the described
method according to the invention for optical inspection, the
present invention also relates to a corresponding device for
optically testing hollow bodies.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiment variants of the present invention will be
described in the following with reference to examples. The
examples of the embodiments are illustrated by the follow-
ing enclosed figures:

FIG. 1 shows schematically representations of different
containers to be tested;
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FIG. 2 shows schematically a lateral view of a container
to be tested;

FIG. 3 shows schematically a lateral view of a first
preferred embodiment of a device according to the present
invention;

FIG. 4 shows schematically a view of a region of the first
preferred embodiment of the invention; and

FIG. 5 shows schematically a lateral view of a second
preferred embodiment of the present invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

In the following detailed description of the preferred
embodiments of the invention, only the testing of containers
is shown. It should be noted, however, that the present
invention also relates, as it were, to the testing of container
closures and/or preforms for the manufacture of containers
and that the following description is not intended to be
construed in a limiting way.

FIG. 1 shows schematically a plurality of containers 10
whose integrity and quality are to be tested in each case by
means of the present invention. The containers 10 shown
according to FIG. 1 differ not only in size and shape, i.e.
whether they have a round, oval and/or angular cross-
section, but also in whether they are at least partially made
of a transparent or opaque material and whether they may
have imprints or labels at least on their side surfaces. A
longitudinal axis of the container 10 is designated by 11.
Furthermore, the containers 10 to be tested may also include
handles, grips, etc., so that their contour may also vary. Now
shown in FIG. 1 are containers 10, which can largely also be
referred to as bottles. The variety of containers 10 to be
tested can also include tubes, cans, canisters or other con-
tainers, largely known from the chemical, food, cosmetics,
and pharmaceutical sectors.

FIG. 2 shows on an example of a basic shape of a
container 10 to be tested those regions that can be subjected
to an inspection. Basically, a container 10 includes a neck
region 14 possibly with a threaded region 12, a transition
region 13, a body region 16 and a bottom region 18. The
inspection method and the inspection device according to
the invention are arranged to inspect the container 10, i.e. at
least the entire side wall surface 26 of the container 10, as
indicated in FIG. 2, by a schematically shown camera unit
20.

FIG. 3 shows a schematic top view of a first embodiment
of a device 100 for optical inspection of containers 10
according to the invention, which can be used to realize the
method according to a preferred embodiment of the inven-
tion. The container 10 to be tested is conveyed into the
device 100 by means of a transport device 30, whereby a first
movable conveyor belt 31 is provided, the length L. of which
is selected such that the container 10 can be transported
along substantially the entire length of the device 100. The
drive means for activating the transport device 30 are only
indicated by conveyor rollers and are not described in detail.
Likewise not shown in detail are any light barriers to be
arranged, which track the transport of the container 10 and
are used to trigger certain units, as well as a measuring unit
for determining the transport speed of the container 10.

The container 10, which is introduced into the device 100
along the transport direction 32, successively enters inspec-
tion volume 24, which is spanned by inspection units 40 to
be explained in more detail. Thus, it is shown in FIG. 3 that
the container 10 is first subjected to an optical inspection by
an inspection unit 40 arranged above the transport device 30
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in the correspondingly formed inspection volume 24. An
inspection of a mouth formed in the neck area 14 is thereby
possible, in particular with regard to ovality, and the interior
of the container 10 at least in the neck area 14.

In a further inspection volume 24, spanned in particular
by several inspection units 40, which are arranged at the side
of the transport device 20 (not shown), the entire side wall
surface 24 of the container 10 is preferably subjected to an
optical inspection. The method used thereby depends on
whether the container 10 is at least partially transparent or
opaque, so that there can be variation between a transmitted
light method and an incident light method.

In a further inspection volume 24, spanned by corre-
spondingly designed inspection units 40, suitably positioned
in relation to the area of the container 10 to be inspected, the
threaded area 12 of the container 10 is inspected, in par-
ticular with regard to roll-on outside diameter, ovality,
overall height, depth, width and/or inclination of surfaces. It
is also possible to check whether there are contamination
and defects in the threaded area.

FIG. 4 shows a top view of an area of the device 100
according to FIG. 3. Shown is the area of the device 100 that
is set up to inspect the entire side wall surface 26 of the
container 10. In the embodiment shown, four inspection
units 40a, 405, 40c, 40d are shown, each comprising a
camera unit 20a, 206, 20¢, 204, an illumination unit 34 or
respectively 34a, 345, 34c, 34d, and filter elements 36 or
respectively 36a, 365, 36¢, 364, which may be arranged on
the camera unit 20 and/or on the illumination unit 34. These
elements, grouped together in an assembly designated as
inspection unit 40, can be mounted in a movable way on a
guide mechanism, which is in the form of a rail system (not
shown). The guide mechanism may have a drive mechanism
by means of which the inspection units 40 and/or the
included elements may be individually moved translation-
ally and/or rotationally to allow alignment of the respective
camera unit 20 and/or illumination unit 34 with respect to
the inspection volume 24 and/or with respect to further
inspection units 40.

As shown in FIG. 4, the inspection volume 24 is formed
by four inspection units 40a, 405, 40c, 40d, whereby in each
case two inspection units 40a, 40¢ and 405, 40d face each
other, i.e. on opposite sides of the transport device 30. Thus,
optical axes 42a, 42¢ and 42b, 42d of the respective camera
units 20a, 20c and 205, 20d lie substantially on one line. The
total of four optical axes 42a, 42b, 42¢, 424 intersect at a
crossing point, or respectively crossing region, 44 within the
inspection volume 24. However, it is also possible to provide
an arrangement in which the individual optical axes 42a,
42b, 42¢, 42d do not all meet in a single intersection point,
but in a multiplicity of intersection points relatively close to
one another. On each of the sides of the transport device 30,
the optical axes 42a and 425 or respectively 42¢ and 42d of
the inspection units 40a, 405 and 40¢, 40d are at an angle to
one another, preferably at an angle of about 90°. By means
of this arrangement of the inspection units 40a, 405, 40c,
404, a container 10 located in the inspection volume 24 can
be inspected in the transmitted light method as well as in the
incident light method and in the dark field method. With the
arrangement of the inspection units 40 side by side and
parallel in transport direction 32, it is possible to record the
entire side wall surface 26 of the container 10.

According to an embodiment of the invention, the camera
unit 20 is configured as a line scan camera, whereby the
length of a line sensor of the camera unit 20 is approximately
adjustable to the length of the side wall surface 26 of the
container 10. Line scan cameras have the advantage that
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they allow a very high image resolution in one imaging
direction and at the same time a very high recording speed.
To generate a high-resolution image of the entire side wall
surface 26 of the container 10, the images taken by the
camera units 20 are combined by a special image processing
device.

In order to capture the most meaningful images possible
of'the container 10 under inspection, the device 100 includes
illumination units 34, which may be, for example, static
illumination means configured to optimally illuminate the
entire inspection volume 24. In a preferred embodiment,
each of the inspection units 40 includes an illumination unit
34 such that it is provided in an arrangement corresponding
to a transmitted light configuration and an incident light
configuration with respect to at least one of the camera units
20. In particular, each illumination unit 34 may be a con-
ventional visible light source, an infrared light source, a UV
source, a laser source or a combination thereof. Advanta-
geously, the illumination unit 34 is adaptable to the specific
optical testing to be performed on the container 10. Further-
more, the illumination unit 34, which is connectable to the
camera units 20 of the inspection unit 40 directly or via a
suitable means, can be moved along with the inspection unit
40 or can be moved individually in order to enable an
optimal illumination of a container 10 to be imaged by the
camera units 20. Further illumination means (not shown)
can also be provided, which are each located essentially
slightly laterally offset with respect to the axis between the
camera units 20 and the container 10 to be tested and are
used for the backlighting. Thus, when the camera unit 20a
is switched on, the background illumination on the opposite
side (i.e. between the container 10 and the camera unit 20¢)
can be used.

Thanks to these different lighting means, it is also possible
to use a time multiplexing of different lighting types for one
camera unit at a time. Thus, for example, a line with incident
light and then a line with transmitted light can be recorded
alternately and/or first a line with visible light, followed by
a line with infrared illumination. A sequence of R-G-B
recordings is also conceivable. In this way, multiple image
types can be captured using a single camera unit.

FIG. 5 shows a schematic top view of an embodiment of
the device 100 according to the invention. Shown is the
device 100 for the inspection of containers 10, which are
conveyed along the transport direction 32 by means of a
transport device 30 and thereby pass through a multiplicity
of areas of the device 100, in which inspection volumes 24
are spanned by inspection units 40. The device 100 includes
a multiplicity of areas, with area 50 already shown in FIG.
3. An area 60 of the device 100 is provided to inspect the
container 10 or its contour for so-called slugs. For this
purpose, illumination unit 34 and camera unit 20 are
arranged opposite each other, so that the container 10 to be
inspected is at least partially located in between. Through
optical testing with backlighting, starting from the illumi-
nation unit 34, the contour and the slugs of the container 10
to be tested can be clearly distinguished from each other.
Furthermore, shown in FIG. 5 is an area 70, which is
provided to inspect the entire side wall surface 26 of the
container 10 for any areas of thinness of the material. For
this purpose, for example, a so-called dark field method can
be used, whereby camera unit 20 and illumination unit 34
are matched to each other accordingly. Accordingly, the
camera unit 20 is positioned relative to the illumination unit
34 in such a way that the light deflected by defects is
detectable by the camera unit 20.
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An area 80 of the device 100 is set up to inspect the
container 10 by means of infrared radiation, whereby an
infrared camera unit and a matched IR illumination unit are
provided. By means of infrared radiation or an IR inspection
unit used, changes in the adsorption or emission behavior in
the case of inhomogeneity in the material of the container 10
can be detected and possibly, based on this, conclusions
drawn about the manufacturing process and the tooling used
for this.

In an area of the device 100 designated by 90, it is
indicated in FIG. 5 that the bottom area 18 of the container
10 can also be subjected to an optical inspection. For this
purpose, the container 10 can be lifted off the conveyor belt
31 by suitable means, e.g. gripping means, so that the bottom
area 18 is accessible for an optical inspection by the corre-
sponding inspection unit 40.

The invention claimed is:

1. Method for optical testing of hollow bodies, in which
a hollow body is conveyed by means of a transport device
at a transport speed, whereby an image of a side wall surface
of the hollow body is generated by means of an inspection
unit comprising at least one camera unit and at least one
illumination unit,

wherein a plurality of inspection units are arranged so that

an inspection volume is able to be spanned, in which an
image of the entire side wall surface of the hollow body
as well as a bottom and a mouth region is independently
generated by at least one of a transmitted light method,
an incident light method, a dark field method, and
combinations thereof,

wherein the camera unit of the inspection unit is arranged

to take a serial sequence of pictures in each time
interval, which, at a given transport speed, represents a
distance corresponding to a fraction of the size of the
container,

wherein the images of the hollow body and the serial

sequence of pictures are evaluated to detect defects in
the hollow body including at least one of contour, slugs,
holes, pinholes, thin wall areas, thick wall areas,
cracks, scratches, streaks, bubbles and non-melted
areas.

2. Method according to claim 1, wherein four inspection
units span a largely cuboid inspection volume, whereby
optical axes of substantially diagonally opposite inspection
units lie on a line or offset from one another.

3. Method according to claim 1, wherein the camera unit
of an inspection unit is designed as a line scan camera,
whereby the longitudinal axis of the line scan camera is
aligned parallel to the longitudinal axis of the hollow body.

4. Method according to claim 1, wherein each inspection
unit comprises an illumination unit for illumination of the
hollow body, which is arranged to emit light in the form of
a light strip parallel to the longitudinal axis of the hollow
body.

5. Method according to claim 1, wherein the camera unit
and the illumination unit of the inspection unit are posi-
tioned relative to one another and are able to be activated in
such a way that the hollow body in the inspection volume is
able to be inspected using the incident light method.

6. Method according to claim 1, wherein the camera unit
and the illumination unit of opposite inspection units are
positioned relative to one another and are able to be acti-
vated in such a way that the hollow body in the inspection
volume is able to be inspected using the transmitted light
method.
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7. Method according to claim 1, wherein a filter element
is arranged in the beam path of the light of an inspection
unit, which is a polarizing filter.
8. Method according to claim 1, wherein the hollow body
is inspected with further inspection units for inspecting a
threaded area, the camera unit comprising telecentric optics
and/or the illumination unit configured for telecentric illu-
mination.
9. Method according to claim 1, wherein the hollow body
is inspected by means of an infrared inspection unit.
10. Method according to claim 1, wherein four inspection
units span a largely cuboid inspection volume, whereby
optical axes of substantially diagonally opposite inspection
units lie on a line or offset from one another in which the
images of the entire side wall surface of the hollow body as
well as the bottom and the mouth region are generated by a
combination of the transmitted light method, the incident
light method and the dark field method.
11. Method according to claim 1 wherein the hollow body
is opaque.
12. Device for optically testing hollow bodies, comprising
a transport device for conveying the hollow body, and at
least one inspection unit, whereby the inspection unit com-
prises at least one camera unit and at least one illumination
unit for imaging a side wall surface of the hollow body,
wherein the device is configured in such a way that it
comprises a plurality of inspection units, so that the
entire side wall surface of the hollow body as well as
a bottom and a mouth region are independently imaged
by means of the inspection units in at least one of a
transmitted light method, an incident light method, a
dark field method, and combinations thereof,
wherein the camera unit is a line scan camera, whereby a
longitudinal axis of the line scan camera is aligned
parallel to the longitudinal axis of the hollow body,

wherein the images of the hollow body are evaluated to
detect defects in the hollow body including at least one
of contour, slugs, holes, pinholes, thin wall areas, thick
wall areas, cracks, scratches, streaks, bubbles and non-
melted areas.

13. Device according to claim 12, wherein each inspec-
tion unit comprises the camera unit, the illumination unit and
at least one filter element, positioned and configured relative
to one another in order to inspect the hollow body in the
incident light method.

14. Device according to claim 12, wherein a plurality of
inspection units are positioned and configured relative to one
another so as to inspect the hollow body in the transmitted
light method.

15. Device according to claim 12, wherein a width of the
sensor of the line scan camera is at least equal to the length
of the hollow body.

16. Device according to claim 12, wherein the illumina-
tion unit is arranged to emit light in the form of a light strip
corresponding to a length of the hollow body parallel to the
longitudinal axis of the hollow body.

17. Device according to claim 12, wherein a filter element
is arranged in the beam path of the light emitted from the
illumination unit, wherein the filter element is a polarizing
filter.

18. Device according to claim 12, wherein one of the
inspection units comprises a camera unit with telecentric
optics and/or an illumination unit configured for telecentric
illumination.
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19. Device according to claim 18, wherein one of the
further inspection units is configured as an infrared inspec-
tion unit for inspecting the hollow body by means of infrared
radiation.

20. Device according to claim 12, wherein four inspection 5
units span a largely cuboid inspection volume, whereby
optical axes of substantially diagonally opposite inspection
units lie on a line or offset from one another in which the
images of the entire side wall surface of the hollow body as
well as a bottom and a mouth region are generated by a 10
combination of the transmitted light method, the incident
light method and the dark field method.

21. Device according to claim 12 wherein the hollow
body is opaque.
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